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EXECUTIVE  SUIMART 


A.  OBJECTIVE:  The  objective  of  this  effort  vas  to  develop  and  construct  a 
shock  tube  to  test  the  fiber-optic  sensors  for  measuring  rapidly  fluctuating 
pressures . 

B.  BACKGROUND:  Instrumentation  was  required  to  produce  controllable  high 
pressure  waves  with  short  (<  1  ms)  rise  time  in  order  to  assess  different 
fiber  pressure-sensing  schemes. 

C.  SCOPE:  The  goal  was  to  develop  and  fabricate  a  shock  tube  to  produce 
repeatable  and  reliable  high  Impulses  controllable,  and  predictable 
fast-rise-time,  high-pressure  impulses.  It  cim,  for  instance,  simulate  blast 
waves  created  by  explosions  without  destroying  the  sensor. 

D.  METHODOLOGY:  State  of  the  art  sensor  and  data  system  technology  was 
applied. 

E.  TEST  DESCRIPTION:  The  shock  tube  consists  of  two  cylinders  Joined 
together  with  their  Interior  chambers  separated  by  a  diaphragm.  One  chamber 
is  pressurized  while  the  other  is  set  at  a  lower  pressure  (usually 
atmospheric)  until  the  diaphragm  ruptures.  The  shock  wave  propagates  from  the 
diaphragm  into  the  low-pressure  section  called  the  receiver.  The  fiber-optic 
sensors  are  mounted  in  the  chamber  from  the  side  and  at  the  end  cap  of  the 
receiver  to  measure  the  pressure  profile. 

F.  RESULTS:  The  strength  of  the  shock  wave  is  determined  by  the  initial 
pressure  ratios;  thus,  a  range  of  shock  pressures  may  be  produced.  With  the 
device,  pressures  as  high  as  24,500  KPa  (3740  psia)  may  be  achieved  in  a  shock 
wave  reflected  from  the  end  of  the  receiver  tube. 

G.  CONCLUSIONS:  The  shock  tube  was  design  to  operate  safely  at  the  designed 
pressures. 

H.  RECOMMENDATIONS:  In  a  shock  tube  facility  safety  provisions  must  be  made 
to  protect  operator  from  any  possible  cylinder  over  change. 
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SECTION  I 


INTRODUCTION 


A.  OBJECTIVE 

This  manual  describes  operation,  maintenance,  and  safety 
considerations  for  a  shock  tube  used  for  pressure  sensor  calibra¬ 
tion.  Dynamic  testing  of  pressure  sensors  requires  a  source  of 
short-duration  high-pressure  waves  to  simulate  shock  waves  from 
explosions.  Shock  tubes  can  simulate  such  events  with  a  high 
degree  of  control  and  repeatability. 

B.  SCOPE/ APPROACH 

In  order  to  safely  operate  and  maintain  the  shock  tube,  a  basic 
understanding  of  how  it  works  is  necessary.  A  brief  description  of 
how  a  shock  tube  works  is  given  below  to  aid  the  operator  in  this 
understanding.  The  technical  report  Development  and  Testing  of 
Fast-Response  Fiber-Optic  Pressure  Sensors.  ESL-TR-91-24,  describes 
some  results  of  the  initial  use  of  this  shock  tube  and  can  also  be 
used  to  acquaint  and  familiarize  the  reader  with  the  use  of  the 
shock  tube.  Section  II  of  this  report,  entitled  "System  Descrip¬ 
tion"  (p.  3),  contains  an  explanation  with  accompanying  photographs 
of  each  of  the  major  components  of  the  shock  tube  apparatus. 
Section  III,  "Safety  Considerations  in  Operation"  (p.  13),  reveals 
the  philosophy  of  the  approach  to  safety  as  well  as  the  detailed 
safety  analysis  of  the  system.  Section  IV,  "Setup  and  Assembly" 
(p.  16) ,  gives  detailed  explanation  and  description  of  the  shock 
tube,  its  components,  the  gas-handling  manifold,  and  accompanying 
electronics.  A  step-by-step  checklist  is  given  in  Section  V, 
"Operations"  (p.  18).  This  is  followed  by  Section  VI,  "Mainte¬ 
nance"  (p.  20) .  The  appendixes  provide  the  operator  with  the  means 
to  control  and  predict  the  shock  wave  amplitude. 

C.  BRIEF  DESCRIPTION  OF  HOW  A  SHOCK  TUBE  WORKS 

A  shock  tube  is  a  simple  aerodynamic  device  that  is  capable  of 
producing  controlled  shock  waves.  In  its  simplest  form  as  in  this 
case,  it  consists  of  two  cylinders,  closed  on  each  end  and  joined 
together  by  a  mating  flange.  A  diaphragm  called  a  burst  disk  is 
sandwiched  between  the  opposite  faces  of  the  flange  and  hence 
separates  the  enclosed  volume  into  two  chambers.  A  high  pressure 
is  established  on  one  side  of  the  diaphragm  and  a  low  pressure, 
usually  atmospheric,  on  the  other.  The  high-pressure  side  may  be 
termed  as  either  the  "driver"  or  "compression"  section  and  the  low- 
pressure  side  is  usually  referred  to  as  the  "receiver"  or 
"expansion"  section.  Under  sufficient  pressure  on  the  driver  side, 
the  burst  disk  ruptures.  As  a  consequence,  a  strong  shock  wave 
travels  along  the  receiver  chamber.  Behind  the  shock  front,  the 
gas  flow  is  at  a  high  pressure  and  temperature.  High  Mach  numbers 
can  be  achieved  as  well  as  fast  rise  times.  Figure  1  illustrates 
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Figure  1.  Illustration  of  Shock  Tube  Pressure  Profiles  before 
(time  =  0)  and  after  (time  >  o)  the  Rupture  of  the 
Diaphragm. 
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shock  tube  pressure  profiles  at  two  times,  one  before  diaphragm 
rupture  and  the  other  at  some  point  afterwards,  before  the  shock 
reflects  from  the  end  of  the  tube. 

The  theory  of  shock  tube  operation  is  relatively  simple.  With 
knowledge  of  gas  properties  obtained  from  standard  handbooks  and 
the  pressure  in  the  compression  and  expansion  sections,  the  pres¬ 
sure  behind  the  traveling  shock  front  can  be  predicted.  The 
validity  of  the  theory  calculations  may  be  cross  checked  by  deter¬ 
mination  of  the  shock  wave  velocity.  This  velocity  measurement  can 
be  made  from  measurement  of  the  time-of-arrlval  of  the  travelling 
shock  wave  at  the  different  sensor  locations. 

An  explanation  of  the  shock  tube  equations  and  a  sample  computer 
program  for  calculating  values  are  found  in  Appendixes  A  and  B. 


SECTION  II 
SYSTEM  DESCRIPTION 


The  complete  shock  tube  system  consists  of  the  following  units 
or  assemblies: 

1.  the  shock  tube  assembly, 

2.  interconnecting  hoses,  and 

3.  the  gas  control  panel. 

Also  needed,  but  dependent  upon  the  choices  made  in  the 
facility,  is  the  high-pressure  gas  supply.  This  may  consist  of 
compressed  gas  bottles  or  pumps. 

The  following  is  a  description  of  the  shock  tube.  The  tube 
layout  is  shown  in  Figure  2.  The  compression  chamber  is  1.2  meters 
long,  and  the  expansion  chamber  is  3.8  meters  long.  Both  chambers 
have  an  inside  diameter  of  7.6  cm.  The  diameter  of  the  flange 
aperture  is  also  7.6  cm.  Figure  3  is  a  photo  of  the  shock  tube 
with  the  expansion  chamber  in  the  foreground.  The  rupture  disk 
flange  and  compression  chamber  are  also  depicted.  The  shock  tube 
rests  on  a  specially  designed  test  stand,  shown  in  Figure  3. 

Six  instrumentation  ports  are  present  on  the  shock  tube  and  are 
depicted  in  Figure  2.  These  ports  allow  pressures  Inside  the  tube 
to  be  monitored  by  pressure  sensors  or  regulated  by  pressure  relief 
valves  as  desired.  Port  1  is  located  on  the  end  wall  of  the 
compression  chamber.  Ports  2  through  5  are  located  on  the  top  of 
the  expansion  chamber,  and  Port  6  is  located  on  the  end  wall  of  the 
expansion  chamber.  Table  1  lists  the  distances  of  the  ports  from 
the  plane  of  the  diaphragm. 

The  flange  assembly  accepts  rupture  disks  (nickel  metal,  size 
3''H,  type  SPL  B)  manufactured  by  BS&B  Safety  Systems  of  Tulsa, 
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Figure  3.  Photograph  of  Shock  Tube 


TABLE  1.  SHOCK  TUBE  DIAPHRAGM-TO-PORT  DISTANCES 


Port 

Distance  (cm) 

1 

120 

2 

51 

3 

332 

4 

347 

5 

362 

6 

380 

Oklahoma.  The  disks  are  designed  to  rupture  at  specific  pressures 
and  are  scored  at  the  center  so  they  "petal  open"  rather  than 
shatter.  The  photograph  in  Figure  4  shows  two  rupture  disks,  one 
before  use  and  the  other  after  use  in  the  shock  tube.  Either 
stainless  steel  or  brass  shim  stock  (the  latter  shown  in  Figure  5) 
can  provide  an  inexpensive  but  less  precise  alternative.  The 
material  in  the  figure  was  5-mils  thick  and  burst  at  approximately 
3150  kPa.  Their  disadvantage  is  (1)  the  uncertainty  as  to  rupture 
pressure  and  (2)  they  do  not  open  cleanly.  Because  they  emit  more 
shrapnel  down  the  tube,  the  shock  wave  produced  may  not  be  quite  as 
fast  and  strong  as  predicted  for  the  ideal  case.  There  is  some 
leakage  around  the  flange  when  shim  stock  is  used.  Nonetheless, 
they  provide  a  low-cost  method  for  obtaining  some  useful  results. 

Two  high-pressure  hoses  connect  the  shock  tube  high-  and  low- 
pressure  sides  to  the  high-  and  low-pressure  sides  of  the  control 
panel.  These  hoses  are  to  permit  the  flow  of  gas  to  and  from  the 
tube.  This  is  controlled  from  a  gas  control  panel  illustrated  in 
Figure  6,  which  shows  connection  to  the  compression  and  expansion 
chambers,  along  with  the  control  and  relief  valves.  Figure  7  is  a 
photo  of  the  shock  tube  gas  control  panel.  The  high-pressure  feed 
valve  allows  the  delivery  of  compressed  gas  from  an  appropriate 
cylinder  (or  pump)  to  the  compression  chamber.  An  additional  valve 
control,  the  high-pressure  throttle,  controls  the  flow  rate,  simi¬ 
larly,  a  low-pressure  feed  valve  for  the  expansion  chamber  is  used 
when  pressures  other  than  atmospheric  are  desired  in  this  chamber. 
A  low-pressure  vent  permits  the  chamber  to  be  vented  after  shock 
tube  firing.  General-purpose  dial  pressure  gauges  (Omega  Models 
PGS-35B-600  and  PGS-35B-10000)  are  mounted  on  the  manifold  and 
monitor  pressure  in  the  chambers  to  40,000  kPa  (5,800  pslg)  and 
69,000  kPa  (10,000  psig) ,  respectively.  The  accuracy  of  the  gauges 
is  specified  as  ±l  percent  of  their  full-scale  reading  (±690  kPa 
for  the  gauge  reading  the  compression  chamber  pressure  and  ±40  kPa 
for  the  gauge  reading  the  expansion  chamber  pressure) .  A  gauge 
isolation  valve  is  located  in  front  of  the  lower-range  pressure 
gauge  to  protect  it  from  the  high  pressure  ensuing  from  the  shot. 
Figure  8  shows  how  the  high-pressure  hoses  from  the  shock  tube  are 


6 


Figure  4.  Photograph  of  Rupture  Disks. 


7 


DWG.  NO.K/G91-402R 


9 


Figux«  6.  Schwutio  of  Gas  Control  Panol  and  Connaotions 
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Figure  7.  Photograph  of  Oas  Control  Panel 
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Figur*  8.  Photograph  of  Backsida  of  Gas  control  Panel 


connected  to  the  backside  of  the  shock  tube  gas  control  panel. 
Standard  fittings  are  used. 


Blueprint  drawings  are  listed  in  Table  2  to  facilitate  reference 
to  them.  In  the  terminology  of  these  documents,  "chamber" 
designates  the  compression  section  of  the  shock  tube,  while  "test 
section"  refers  to  the  expansion  chamber. 


TABLE  2.  LIST  OF  DRAWINGS 


Drawing  Title  and  Description 

Drawing  Number 

1.  Shock  Tube  Shock  Test  Assembly;  sche¬ 
matic  of  entire  assembly 

MlE-MWE-0060001 

2.  Shock  Tube  Assembly;  schematic  for 
assembly  of  shock  tube 

MlE-MWE-0060002 

3.  Shock  Tube  Weldment;  weldment  of  rupture 
flange  and  test  ports 

MlE-MWE-0060003 

4.  Shock  Tube  Details;  expansion  chamber 
details 

MlE-MWE-0060004 

5.  Shock  Tube  Rupture  Disk  Assembly;  detail 
of  rupture  disk  assembly 

MlE-MWE-0060005 

6.  Shock  Tube  Stand  (Test  Section) 

Assembly;  test  stand  details  (test 
section) 

MlE-MWE-0060006 

7.  Shock  Tube  Chamber  Stand  Assembly;  test 
stand  details  (compression  chamber) 

MlE-MWE-0060007 

8.  Shock  Tube  Stand  (Test  Section) 

Weldment;  welding  detail  for  test  stand 

MlE-MWE-0060008 

9.  Shock  Tube  Stand  (Chamber  End)  Weldment; 
welding  detail  of  compression  chamber 
end  of  test  stand 

MlE-MWE-0060009 

10.  Shock  Tube  Details;  details  of  threads 
and  holes 

MlE-MWE-0060010 

11.  Shock  Tube  Details;  support  saddle  and 
retainer 

MlE-MWE-0060011 

12.  Shock  Tube  Details;  details  of  test 
stand  rails 

MlE-MWE-0060012 

13.  Shock  Tube  Installation  Schematic; 

plumbing  details  for  manifold  and  shock 
tube  connections 

MlE-MWE-0060013 

SECTION  III 


SAFETY  CONSIDERATIONS  IN  OPERATION 


A.  INTRODUCTION 

This  section  discusses  the  hazards  and  safety  considerations 
associated  with  operating  the  shock  tube,  based  on  a  review  by  the 
Process  Engineering  Safety  Analysis  Department  at  Martin  Marietta 
Energy  Systems,  Inc.,  Oak  Ridge,  Tennessee. 

The  hazards  of  shock  tube  operation  are  the  same  as  those  common 
to  all  high-pressure  equipment.  Persons  may  be  injured  when  a 
pressurized  vessel  (e.g.,  the  shock  tube;  a  compressed  gas 
cylinder;  or  a  high-pressure  hose,  tube,  or  valve)  ruptures.  Rapid 
rupture  may  be  accompanied  by  the  production  of  debris  that  could 
inflict  injuries.  The  high-velocity  gas  flow  emanating  from  a 
ruptured  vessel  could  injure  skin  tissue  or  produce  noise  levels 
sufficient  to  damage  eardrums.  Ruptured  hoses  or  tubing  could  whip 
around  and  strike  persons  nearby. 

B.  CONSTRUCTION  AND  OPERATING  PARAMETERS 

The  Shock  tube  chambers  were  made  from  Number  304  stainless 
steel  bar  stock.  Both  chambers  have  an  inside  diameter  of  7.6  cm. 
The  compression  chamber  was  bored  in  11.4-cm-dlameter  stock,  is 
1.2  meters  long,  and  has  a  pressure  rating  of  34,500  kPa  (5,000 
psl) .  The  expansion  chamber  was  bored  in  8.9-cm-diameter  stock,  is 
3.8  meters  long,  and  has  a  pressure  rating  of  13,800  kPa  (2,000 
psi) .  The  flange  assembly  (BS6B  Safety  Systems)  was  welded  to  the 
chambers,  and  the  welds  were  Inspected  as  required  by 
QA-O-JS-51  (1985) .  The  open  end  of  the  expansion  chamber  is 
threaded  and  a  cap  machined  from  Number  304  stainless  steel 
functions  as  the  end  wall.  One  instrumentation  port  was  fabricated 
on  the  end  wall  of  the  compression  chamber,  four  instrumentation 
ports  were  fabricated  on  the  side  wall  of  the  expansion  chamber, 
and  one  instnunentation  port  was  fabricated  in  the  expansion 
chamber  end  cap. 

The  shock  tube  assembly  is  mounted  on  stands  so  it  is  free  to 
slide  axially  upon  rupture  of  the  diaphragm.  The  assembly  is 
restrained  from  vertical  motion.  The  tube  recoil,  which  is 
canceled  by  the  reflection  of  the  shock  wave  at  the  end  of  the 
expansion  chamber,  produces  approximately  5  mm  of  motion  in  the 
horizontal  direction.  Residual  motion  is  damped  by  rubber  shock 
absorbers . 

The  compression  chamber  is  pressurized  through  a  flexible  hose 
(Dayco)  that  is  rated  at  a  working  pressure  of  37,900  kPa.  The 
flow  rate  is  controlled  by  metering  and  shutoff  valves.  Pressure 
relief  for  the  compression  chamber  is  provided  by  a  burst  disk 
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designed  to  pop  open  at  34,500  kPa  or  less.  The  expansion  chamber 
is  also  pressurized  through  a  flexible  hose,  and  the  flow  is 
controlled  by  a  shutoff  valve.  All  valves  are  connected  with  high- 
pressure-rated  steel  tubing.  Two  pressure  relief  devices  are 
provided  for  the  expansion  chamber;  one  is  a  burst  disk  designed  to 
pop  open  at  13,800  kPa,  and  the  other  is  a  relief  valve  set  at  a 
release  pressure  of  11,000  kPa.  These  relief  devices  prevent 
operation  of  the  chambers  above  their  rated  working  pressures. 

The  pressurization  and  venting  of  the  shock  tube  are  remote- 
controlled.  Manually  operated  valves  and  pressure  gauges  are 
located  on  a  gas  manifold  operated  from  behind  bunkers  or  in 
another  room. 

The  shock  tube  was  designed  to  operate  within  the  safety 
specifications  given  in  Table  3,  and  it  was  hydrostatically  tested 
before  its  initial  use. 


TABLE  3.  SHOCK  TUBE  SAFETY  SPECIFICATIONS. 


Compression  chamber  gas 

Expansion  chamber  gas 

Initial  compression  chamber  pressure 


Helium 

Air 

31,000  kPa, 
maximum 


Initial  expansion  chamber  pressure 
Initial  gas  temperatures 
Final  pressure  in  both  chambers 
Mach  number  in  incident  shock  wave 
Pressure  behind  Incident  shock  wave 
Pressure  behind  reflected  shock  wave 


700  kPa,  nominal 
293  K  (20»C) 
7,700  kPa 
3 

5,560  kPa 
24,500  kPa 


While  operating  the  shock  tube,  the  maximum  stress  occurs  in  the 
threads  of  the  end  cap  on  the  expansion  chamber.  The  calculated 
maximum  stress  is  on  the  order  of  70,000  kPa  and  it  occurs  for 
approximately  1  ms.  This  stress  is  well  below  the  yield  strength 
for  annealed  Number  304  stainless  steel,  and  a  rupture  of  the  end 
cap  is  unlikely.  The  shock  tube  is  designed  for  a  lifetime  of  10^ 
cycles;  since  the  tube  will  probably  be  used  much  less  than  this, 
fatigue  failure  is  unlikely. 

The  shock  tube  design  and  its  operation  in  the  Oak  Ridge 
facilities  were  approved  by  the  Committee  for  High  Pressure  Safety 
at  Martin  Marietta  Energy  Systems,  Inc.,  Oak  Ridge,  Tennessee. 
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C.  ANALYSIS  OF  SHOCK  TUBE  HAZARDS 

Shock  tubes  and  high-pressure  equipment  are  in  widespread 
industrial  use,  and  the  associated  hazards  are  considered  to  be 
standard  industrial  hazards.  Standard  safety  practices  and 
engineering  and  administrative  controls  are  sufficient  to  prevent 
mishaps  and  other  injuries.  Engineering  controls  Include  the  use 
of  restraints  for  compressed  gas  cylinders  and  lines,  fail-safe 
pressure  relief  devices,  and  equipment  rated  for  use  at  the  maximum 
working  pressure.  Administrative  controls  include  the  implemen¬ 
tation  of  periodic  equipment  inspections  and  a  requirement  that  the 
shock  tube  be  operated  from  a  shielded,  remote  location. 

D.  ENERGY  CONTENT  OF  SHOCK  TUBE 

The  analysis  of  this  section  is  to  quantify  the  maximum  amount 
of  energy  content  in  the  shock  tube.  The  shock  tube  built  for 
Tyndall  Air  Force  Base  is  a  test  device  consisting  of  a  high- 
pressure  section  separated  from  a  low-pressure  section  by  a 
breakable  diaphragm.  In  normal  operation,  the  diaphragm  is 
ruptured  after  the  high-pressure  section  is  pressurized,  delivering 
a  shock  wave  into  the  gas  which  fills  the  low-pressure  side  of  the 
tube. 

Normally,  the  energy  contained  within  a  system  dictates  the 
shielding  or  isolation  requirements  for  personnel  operating  the 
system.  The  energy  content  of  the  system  must  be  estimated  to 
provide  a  basis  for  determining  the  precautions  needed. 

The  tube  is  configured  with  rupture  disk  assemblies  to  limit  the 
pressure  which  can  be  reached  in  each  of  the  sections.  The  high- 
pressure  rupture  disk  (located  in  the  high-pressure  section)  has  a 
5,000-psi  rupture  pressure.  The  low-pressure  side  of  the  shock 
tube  has  a  2,000-psl  disk  assembly. 

Assuming  that  the  rupture  disks  are  functional,  two  scenarios 
are  possible:  (1)  unexpected  failure  of  the  high-pressure  section 
at  5,000  psl,  or  (2)  Inadvertent  pressurization  of  the  whole  tube 
assembly  to  2,000  psi  accompanied  by  unexpected  failure.  The  worst 
case  for  pressurization  would  be  isentropic  compression  from  room 
temperature  to  a  failure  with  no  time  for  loss  of  energy  from 
cooling.  This  is  assumed  in  the  following  calculations.  Tabulated 
values  from  Reference  A-1  are  used. 

The  pressure  and,  consequently,  the  total  energy  which  can  be 
placed  into  the  shock  tube  by  mistakes  in  operation  or  by 
malfunction  can  be  limited  by  a  number  of  means.  Limiting  the 
pressure  of  supply  gas  bottles  or  pumping  systems  permitted  in  the 
facility  can  limit  the  total  energy,  irrespective  of  mistakes  or 
malfunctions.  Additional  rupture  disks  or  relief  valves  can  also 
be  added  to  provide  more  backup  relief  systems. 
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1.  Scenario  1  -  Abrupt  Failure 


Abrupt  failure  of  high-pressure  section  at  5,000  psl. 
Estimate  of  energy  content  of  high-pressure  section  at  5,000 
psl. 

High-pressure  section  volume  -  3  In.  dlam  x  33  In.  long 

=  233.3  In.’ 

=  0.1399  ft’ 

1  lb  mole  He  »  4  lb 

Density  of  He  at  1  atm  »  0.0104  lb,/ ft’ 

Density  of  He  at  5,000  psl  »  0.0104  x  (5,000/14.7) 

-  3.53  lb„ft’ 

From  Reference  A-1:  Change  in  internal  energy  =  13,404 
BTU/lb-mole  (from  ambient  to  5,000  psl) 

Energy  content  »  13,404  x  (0.1399  x  3.53) /4  BTU 
=  1,645  BTU 
=  1,287,497  ft-lb, 

=  1.733  MJ 

(approx.  0.41  kg  TNT  equivalent) 

2.  Scenario  2  -  Inadvertent  Pressurization 

Inadvertent  pressurization  of  whole  tube  to  2,000  psl. 
Estimate  of  energy  content  of  whole  shock  tube  assembly  at 
2,000  psl. 

Total  tube  volume  =  3  In.  dlam  x  149  In.  long 

=  1057,5  in.’ 

=  0.61  ft’ 

1  lb  mole  nitrogen  »  28  lb 

Density  of  nitrogen  at  1  atm  0.0732  lb  /ft’ 

Density  of  nitrogen  at  2,000  psl  =  9.96  lb,/ ft’ 

From  Reference  A-l:  Change  In  Internal  energy  =  8,110 
BTU/lb-mole  (from  ambient  to  2,000  psl) 

Energy  content  =  8,110  x  (0.61  x  9.96) /28  BTU 
=  1,759  BTU 
*  1,369,096  ft-lb^ 

=  1.855  MJ 

(approx.  0.44  kg  TNT  equivalent) 


SECTION  IV 
SETUP  AND  ASSEMBLY 


A.  SHOCK  TUBE  AND  GAS-HANDLING  MANIFOLD 
1 .  Location 

The  shock  tube  test  stand  occupies  a  space  of  approximately 
5  meter  by  1  meter.  It  Is  about  1  meter  high.  The  connections  for 
the  hose  from  the  gas-handling  manifold  are  at  the  compression  end 
of  the  shock  tube.  As  shown  In  Figure  6,  a  short  length  of  hose 
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connects  from  the  compression  and  expansion  tubes  respectively,  to 
longer  hoses.  The  shock  tube  should  be  oriented  with  the 
compression  end  closest  to  the  gas^handling  manifold.  As  stated  in 
Section  III,  Safety  Considerations  in  Operation  (p.  13),  the  gas 
manifold  and  operators  should  be  located  with  a  barrier  between 
them  and  the  shock  tube. 

2.  Test  Stand  Assembly 

The  shock  tube  test  stands  are  bolted  onto  a  pair  of  rails. 
The  ends  of  the  rails,  with  two  sets  of  bolts  for  accommodating  two 
of  the  test  stands,  correspond  to  the  compression  end.  One  test 
stand  is  located  at  the  far  end  of  the  expansion  tube.  This  is 
seen  in  Figure  3. 

3.  Shock  Tube  Clamps 

The  tubes  are  secured  to  the  test  stands  on  which  they  rest 
by  a  set  of  clamps.  The  bottom  of  each  clamp  bolts  to  the  test 
stand  (foreground  of  Figure  3) . 

4.  Compression  and  Expansion  Tubes 

The  compression  and  expansion  tubes  are  placed  on  the  test 
stands  and  the  top  part  of  each  clamp  is  attached  to  secure  each 
tube.  The  tube  sits  on  roller  bearings  and  can  move  axially  when 
needed.  To  insert  a  burst  disk,  the  tubes  can  be  separated  a 
sufficient  length  to  Insert  the  disk. 

5 .  High-Pressure  Hoses 

Two  short  sections  of  hose  connect  to  the  compression  and 
expansion  tubes  as  in  the  background  of  the  Figure  3.  A  longer 
hose  connects  directly  to  one  of  the  shore  hoses  at  one  end  and  the 
gas-handling  manifold  at  the  other.  A  pressure  relief  valve  is 
situated  between  the  long  hose  and  the  short  hose  which  is 
connected  to  the  expansion  tube. 

6.  Pressure  Vessel  Connections 

The  gas  supply  for  the  compression  tube  connects  directly  to 
the  backside  of  the  gas-handling  manifold  (to  the  lower  left  side 
fitting)  as  shown  in  Figure  8.  Similarly,  the  expansion  tube  is 
supplied  by  connection  to  the  backside  of  the  gas-handling  manifold 
fitting  on  the  lower  righthand  side. 

B.  ELECTRONICS 

Any  digital  oscilloscope  capable  of  digitizing  and  following 
events  with  a  10-/xs  rise  time  should  be  adequate  for  recording  the 
output  of  sensors  that  measure  the  shock  wave  pressure  transients 
produced  by  this  shock  tube. 
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SECTION  V 


OPERATIONS 


A.  OVERVIEW 

The  following  is  a  checklist  for  operation  of  the  shock  tube. 
The  purpose  of  this  list,  in  addition  to  enabling  successful 
pressure  sensor  testing,  is  to  assure  the  safety  of  personnel, 
equipment,  and  facilities. 

MOTE 

WHEN  THE  PRESSURE  IS  ABOVE  ATMOSPHERIC  IN  THE  SHOCK  TUBE, 

ALL  PERSONNEL  IN  THE  GENERAL  AREA  ARE  REQUIRED  TO  BE  BEHIND 
THE  PROTECTIVE  WALL. 

B.  PRESHOT  PREPARATIONS 

1.  _  Ensure  vent  valves  to  both  sections  are  open. 

2.  _  Ensure  low-pressure  gauge  service  isolation  valve  is 

open. 

3.  _  Ensure  that  facility  gas  supplies  are  valved  OPP. 

4.  _  Clean  flange  surfaces  and  assure  they  are  in  good 

condition. 

5.  _  Center  test  diaphragm  on  flange  and  make  ready  for 

mating  of  flanges. 

6.  _  Inspect,  lubricate,  and  install  flange  bolts,  and 

then  tighten  to  150  ft-lb  torque.  (Note:  Gloves  are 
required  for  this  activity.) 

7.  _  Orient  shock  tube  assembly  with  ports  aligned  in  the 

upward  direction. 

8.  _  Securely  fasten  the  four  shock  tube  assembly  clamps. 

9.  _  Wrap  Teflon*  tape  on  threads  of  all  port  fittings  and 

plugs . 

10.  _  Check  all  port  fittings  for  tightness. 

11.  _  Hook  up  all  instrumentation  cables,  fibers,  etc.,  for 

the  specific  test  correctly  and  assure  they  are  in 
working  order. 

12.  _  Position  mobile  shielding  sections  (if  they  are 

required)  around  shock  tube  assembly. 
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13.  _  Clean  test  area  for  easy  access  and  egress. 

14.  _  Visually  Inspect  high-pressure  hoses  and  connectors 

to  assure  they  are  operable.  Fittings  should  be 
tight  and  hose  restraints  placed  as  required. 

C.  PRESSURIZATION  SEQUENCE 

1.  _  Inspect  test  area.  Clear  test  area  of  personnel. 

Post  or  tag  entry. 

2.  _  Assure  that  all  valves  on  gas  control  panel  are  in 

the  closed  position. 

3.  _  Open  low-pressure  gauge  isolation  valve. 

4.  _  Check  to  assure  that  gas  cylinder (s)  pressure (s)  is 

adequate  for  conducting  proposed  test. 

5.  _  Open  facility  gas  supply  valves  and  manifold  valves 

between  supply  and  the  gas  control  panel. 

6.  _  Throttle  the  gas  supply  block  valve  on  the  gas 

control  panel  to  assure  pressurization.  (Pressuri¬ 
zation  is  done  while  observing  gauges.)  Close  valve 
when  desired  pressure  is  reached.  The  low-pressure 
vent  may  be  used  to  lower  pressure. 

7.  _  Close  low-pressure  gauge  isolation  valve. 

8.  _  Pressurize  the  high-pressure  side  gradually  by 

opening  the  gas  supply  block  valve  and  throttling  the 
gas  supply  needle  valve  located  on  the  control  panel. 
(Pressurization  is  done  while  observing  gauges.) 

9.  _  Record  rupture  pressures. 

10.  _  Immediately  after  rupture,  close  high-pressure  gas 

supply  block  valve. 

D.  PRESSURE  RELIEF  SEQUENCE 

1.  _  Ensure  both  supply  block  valves  are  closed. 

2.  _  Record  postrupture  equilibrated  pressure. 

3.  _  Close  facility  gas  cylinder  valve (s)  and  assure 

regulator  adjustment  has  backed  off  completely. 

4.  _  Slowly  release  pressure  from  shock  tube  using  either 

of  the  vent  block  valves  located  on  control  panel. 

5.  _  Open  both  vent  valves  (one  previously  opened). 
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6.  _  Reopen  test  area  after  venting  is  completed. 

E.  POSTSHOT  CLEANUP  AND  MAINTENANCE 

1.  _  Ensure  facility  gas  supplies  are  closed. 

2.  _  Close  gas  supply  block  valves  on  control  panel. 

3.  _  Check/open  vents  (both  high  and  low  pressure). 

4.  _  Remove  debris  from  previous  shot. 

5.  _  Clean  and  check  threaded  joints  in  preparation  for 

next  shot. 

F.  ABORTED  SHOT 

1.  _  Close  both  gas  supply  block  valves. 

2.  _  Vent  BOTH  sections. 

3.  _  Check  gauges  to  certify  the  pressure  is  atmospheric 

and  verify  cessation  of  flow  from  vents. 

4.  _  Secure  facility  gas  supply  valves. 

5.  _  Reopen  test  area. 

6.  LONG-TERM  SECURING  OF  SYSTEM  FOR  STORAGE  OR  MAINTENANCE 

1.  _  Open  low-pressure  gauge  Isolation  valve. 

2.  _  Close  facility  gas  supply  system  valves. 

3.  _  Open  both  vent  valves  to  ensure  shock  tube  is  vented. 

4.  _  Open  both  gas  supply  block  valves  to  vent  volume 

trapped  between  facility  supply  cutoff  and  shock  tube 
system. 

SECTION  VI 
MAINTENANCE 

There  are  no  maintenance  requirements  for  the  shock  tube  beyond 
what  is  normal  for  laboratory  equipment. 
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APPENDIX  A 


EXPLANATION  OF  SHOCK  PARAMETER  RELATIONSHIPS 


Properties  of  shock  waves  produced  in  shock  tubes  are  discussed 
here.  References  A-2  and  A-3  provide  a  more  complete  discussion  of 
shock  tube  dynamics  and  a  derivation  of  the  equations. 

The  essential  shock  wave  properties  can  be  calculated  from  a  few 
equations.  The  basic  shock  tube  parameter  is  the  shock  strength, 
given  by 

y  =  Pi/Po  »  (A-1) 

where  Pg  is  the  initial  pressure  in  the  expansion  chamber  and  p,  is 
the  pressure  behind  the  shock  wave.  The  shock  strength  is  obtained 
by  solving  the  shock  tube  equation 

.  _ 2 -  L  _  [Po  (A-2) 

C3  /r(l+ti„)  (y+ji,)]  (Y3-I)  I  IP3  jj 

where 

P3  is  the  initial  pressure  in  the  compression  chamber, 

Yg  and  Y3  are  the  heat  capacity  ratios, 

Mo  *  (Yo“l)/(Yo+l) » 

6  =  (Y3-1)/2Y3/  and 

Cg  and  C3  are  the  acoustic  velocities. 

Acoustic  velocities  are  obtained  from  the  Lagrangian  formula 

c  =  (yRT/MW)’'2  ,  (A-3) 

where  R  is  the  universal  gas  constant  (8314.3  J- kmole'^- K'^)  ,  T  is 
the  absolute  temperature,  and  MW  is  the  molecular  weight.  Table 
A-1  lists  values  of  MW  and  y  for  various  gases. 


TABLE  A-1.  VALUES  OF  MW  AND  Y  FOR 
VARIOUS  GASES. 


Gas 

MW  (kg/kmole) 

Y 

air 

28.934 

1.40 

N2 

28 

1.40 

He 

4 

1.66 

Ne 

20 

1.64 

Ar 

40 

1.67 

21 


When  y  has  been  obtained  from  the  solution  of  Equation 
(A-2),  the  velocity  U  of  the  shock  front  can  be  calculated  from 

U-CoM-  .  (A-4) 

where  M  is  the  shock  Mach  number.  The  shock  wave  flow  velocity  u^ 
can  be  calculated  from 


u.  -  c. _ 

"  “ /nrni^TTTy^igrT 


(A-5) 


The  pressure  p/  of  the  shock  wave  after  it  is  reflected  by  the 
rigid  wall  at  the  end  of  the  expansion  chamber  is  given  by 


Pi  =  ypo 


(A-6) 


Note  that  for  very  strong  shock  waves  (y  >  l) ,  the  pressure  in  the 
reflected  wave  appoaches  the  asymptotic  value  2+1/Mo* 

(/Xg  =  1/6)  this  value  is  8. 

Equations  (A**!)  through  (A'-6)  have  been  used  in  the  computer 
program  listed  in  Appendix  B  to  obtain  calculated  values  of  the 
properties  of  shock  waves  generated  in  the  shock  tube. 
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APPENDIX  B 


COMPUTER  PROGRAM  FOR  CALCULATING  PROPERTIES  OF  SHOCK  WAVES 

The  following  Is  an  annotated  listing  of  a  MathCAD  (MathSoft, 
Inc.,  Cambridge,  Hass.)  program  that  calculates  the  properties  of 
shock  waves  generated  In  the  shock  tube. 

SHOCK. MCD  -  Calculation  of  shock  wave  properties  using  formulas  given 
in  J.  K.  Wright,  Shock  Tubes,  New  York,  John  Wiley,  1961. 
D.  B.  Smith,  ORNVATO,  November  1990 


Define  shock  tvibe  parameters  (0  and  3  designate  expeuislon  chamber  and 

compression  chamber,  respectively) 


heat  capacity 
ratios 
initial 
pressures 
initial 
temperatures 
molecular  weights 
of  gases 


gO  :=  1.40  (air) 

g3  :=  1.66  (He) 

pO  :=  15-psia  pO 

p3  :=  SlSpsia  p3 

TO  :=  293  K 

T3  :=  TO 

kg 

MWO  :=  28.934 - 

kmole 


103.4  kPa 
5619 • kPa 


kg 

MW3  ;=  4 - 

kmole 


universal  gas 
constant 


J 

R  :=  8314.3 - — 

kmole* K 


acoustic 

velocities 


cO 


g0*R*T0 
v|  MWO 


c3  ;  = 


g3RT3 
v)  MW3 


Solve  for  shock  strength  y  (Wright  Eg.  3.1) 
go  -  1  g3  -  1 

flO  :=  -  fi  ;=  - 

go  +  1  2g3 


f(y) 


root 


cO 


C3 


(1  -  /i0)  .(y  -  1) 


Initial  guess 
for  y 


J (1  +  MO) • (y  +  mO) 
y  :=  11 


Solution  for  y 


y  :=  f(y) 


2 

1  - 

■po 

\T 

.g3  -  1 

i>3. 

y 

lY 

y  =  11.432 
23 


Calculate  pressure  behind  shock  wave 


pi  :=  ypO 

3 

pi  *  1.182  10  kPa 


(Wright,  Eq.  2.24) 


pi  =  171.485psia 


Calculate  velocity  of  shock  front 


y  +  no 

1  +  no 


shock  Mach  number 


U  :*  COM 


U  *  1.083  10 


Calculate  flow  velocity  behind  shock  wave 


ul  :=  cO' 


(1  -  nO) • (y  -  1) 


(1  +  no) • (y  +  no) 


ul  *  811.378- 


(Wright,  p.  32) 


Calculate  pressure  behind  reflected  shock  wave 


plr 


(2-/i0  +  1)  y  -  nO 
nOy  +  1 


(Wright,  Eq.  6.5) 


plr  =  6.136  10  kPa 


plr  =  889.86psia 


Unit  definitions  (SI  system) 

kg  ■  IM 

m  ■  IL 

(0 

III 

H 

m 

3  N 

N  ■  kg  — 

kPa  a  10  — 

psia  a  6.895- kPa 

2 

2 

s 

m 

K  ■  1 

kmole  ■  1 

J  a  N-m 
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